OBJECTIVE: To study the association between self-reported leisure time physical activity (LTPA) at baseline and change in body mass index (BMI). DESIGN: Prospective observational study with a 11-y follow-up period. SETTING: A total population-based health survey in one county was performed in 1984-1986 (HUNT 1) and repeated in 1995-1997 (HUNT 2). PARTICIPANTS: In total, 21 685 men participated in both surveys. In the present study, we included only apparently healthy 20-69-y-old men participating in both surveys and who had a normal body weight (BMI 18.5-24.9 kg/m 2 ) at baselineFleaving 8305 men for the analyses. In all, 6945 men answered all questions about LTPA and 6749 men had complete data in the multiple analyses. MEASUREMENTS AND MAIN RESULTS: At HUNT 1, the participants answered questions (self-reported) about the intensity, frequency and duration of LTPA. The association between change in BMI and LTPA was investigated in multiple linear regression analyses. Adjusted for smoking, education, age and BMI at baseline, the physical active cohort gained less weight than the inactive cohort. Low, moderate and high levels of LTPA showed a U-shaped effect adjusted for smoking, education, age and BMI at baseline. Adjusted for BMI and age at baseline, the high-intensity part of the physically active cohort gained less weight than the low-intensity group. CONCLUSION: This study has demonstrated a moderate BMI effect of LTPA at the population level; however, even a high level of LTPA did not prevent weight gain during the 11-y follow-up period.
Introduction
Body weight is closely associated with morbidity and mortality 1, 2 and the recent obesity epidemic might have dramatic consequences for human health and for health-care systems. The adverse health consequences of obesity are not only influenced by body weight but also by the location of body fat, the magnitude of weight gain during adulthood and a sedentary lifestyle. 3 Weight gain is a consequence of higher energy intake than energy expenditure over time. Recent epidemiological trends in obesity indicate that the primary cause of the global obesity problem lies in environmental and behavioural changes, since the rapid increase in obesity has occurred in too short a time for being caused by genetic changes within populations. Leisure time physical activity (LTPA) is the most variable part of the total energy expenditure in humans. 4 However, the knowledge about LTPA as a prevention factor of weight gain is sparse at the population level. 5 Body weight and LTPA are different phenomena among women and men. 6, 7 Men are generally more physically active compared with women. 8, 9 However, weight control is not found to be a strong motivation factor for being physically active among men 10 and many men do not even recognise their own overweight. [11] [12] [13] . The body mass index (BMI) level associated to morbidity and mortality is lower for men compared to women. [14] [15] [16] [17] To gain better knowledge about the weight gaining epidemic and the association to LTPA, we think that investigations should be performed stratified by gender because of the gender heterogeneity 18 and to focus specifically on prevention. It has been shown that overweight and obese people overreport physical activity, 19, 20 and also that they are seeing body weight as a barrier to being physically active. 21 Based on morbidity and mortality linked to body weight, The World Health Organisation (WHO) has defined body weight classes (under weight, normal weight and overweight) for adults by using BMI ranges. 3 We wanted to select men defined as normal weight at baseline by using WHO's standardised BMI classification system. To reduce heterogeneity and potential of misclassification, we wanted to investigate the association between LTPA and change in BMI in a healthy male population with normal body weight at baseline with a potential for being physically active in a prospective 11-y follow-up study. We wanted to use the inverse association between LTPA level and heart rate as a selection criterion, because heart rate and fitness level are strongly associated. By this, we used heart rate to support the validity of the LTPA questionnaires and the age range 20-69 y was selected by using the inverse association between heart rate and LTPA level as a selection criterion.
Methods

Study population
A health survey including self-administered questionnaires was carried out in the Nord-Trøndelag County, Norway, in 1984-1986 (HUNT 1), and was repeated in 1995-1997 (HUNT 2). All citizens aged 20 y and older residing in the county were invited. Among 85 100 eligible persons in HUNT 1, 77 310 (90.8%) returned questionnaire 1, which was mailed with the invitation to the survey, and in total 74 977 (88.1%) participated in the health examination. Questionnaire 2, with a question about LTPA included, was distributed at the survey site and returned by mail. Among men, 86.3% participated in HUNT 1. In the second health survey (HUNT 2) performed in 1995-1997, in total 71.3% participated. Among men, 66.7% participated in HUNT 2. The methods used in HUNT 1 22 and HUNT 2 23 are described in detail elsewhere. In total, 21 685 men attended both surveys. All data, both in HUNT 1 and HUNT 2, were linked to the Norwegian 11-digit personal identification number, which is unique to every citizen, making it possible to link HUNT 1 and HUNT 2 data for each individual.
To reduce heterogeneity and potential misclassification, we included selection criteria for the study population. Therefore, we selected an apparently healthy group of men, that is no obstructs against performing LTPA. Men who reported diabetes, stroke, angina, myocardial infarction and/ or long-term illness impairing their function in daily life at baseline (n ¼ 5,863) and with missing values for BMI at HUNT 1 and/or HUNT 2 (n ¼ 8) were excluded. So were even those who were underweight (BMIo18.5 kg/m 2 ) and overweight/obese (BMIX25 kg/m 2 ) (total n ¼ 7332). Heart rate at HUNT 1, recorded as a part of the blood pressure measurement, was used to support the validity of the questions about LTPA. An inverse association was found between heart rate and LTPA for the age range 20-69 y at HUNT 1 (n ¼ 177).
The present study included, therefore, 8305 healthy men aged 20-69 y with none missing in BMI at HUNT 1 and HUNT 2 and with normal weight (BMI 18.5-24.9 kg/m 2 ) at baseline ( HUNT 1, 1984-86 From these questions, LTPA was categorised into low, moderate and high levels. A frequency of never or less than once a week (answer number 1 or 2 on frequency) was categorised as low. For a frequency of once a week or more, a summary was calculated by adding the values of frequency, intensity and duration. The sum value was then divided into moderate and high by dichotomising including the median value, which was nine. The median value was included in the moderate level to separate the most active part of the population in the high-level group. An example of LTPA categorised as moderate level: frequency 2-3 times a week with duration 30 min-1 h and intensity as I push until I lose my breath and break into sweat. An example of LTPA categorised as high level: frequency nearly every day with duration 16-30 min and intensity as I push until I lose my breath and break into sweat.
The population was dichotomised into physically active or not physically active by defining low level of LTPA as not being physically active. Participants with moderate and high levels were categorised as physically active.
For the physically active part of the study population, the intensity was dichotomised into low and high intensity with answer 1 as low and answers 2 and 3 as high by using selfreported breath status of the physical activity as cut-point.
BMI change and LTPA WB Drøyvold et al Assessment of heart rate (HUNT 1 and HUNT 2) Both at HUNT 1 and HUNT 2, heart rate was measured as a part of the blood pressure measurement in a sitting position, with the arm resting on a table by specially trained nurses or technicians. At HUNT 1 (1984 HUNT 1 ( -1986 , heart rate was measured at the wrist over a period of 15 s with a stopwatch after sitting at least 4 min. If the heart rate was irregular or difficult to measure, the counting was extended to half a minute, and if necessary with a stethoscope placed over the heart. In such cases, the result was divided by two and rounded down before being entered. At HUNT 2, heart rate was measured using a Dinamap 845XT (Criticon, Tampa, FL, USA) based on oscillometry. The Dinamap was started after the participant had been seated for 2 min with the cuff on the arm. Heart rate was measured three times at 1-min intervals. The mean value of measures two and three was used in these analyses.
Both at HUNT 1 and HUNT 2, heart rate was measured when the participant attended the survey station. The time of the day the participant attended the survey station was randomised. We used the heart rate measurement results to confirm LTPA level at HUNT 1.
Assessment of BMI (HUNT 1 and HUNT 2)
Weight (kg) and height (cm) were measured in a standardised manner without shoes, jacket or outdoor garments. Weight was rounded down to the nearest half kg, and height was adjusted to the nearest cm. Similar methods were used in both HUNT 1 and HUNT 2. 24 BMI was calculated as body weight in kilogram (kg) divided by body length in metre (m) squared (kg/m 2 ). The phrases 'weight change' and 'BMI change' are used as synonyms in this manuscript.
Prediction variables (HUNT 1)
Variables used categorically (dummy variables) were smoking (daily smoker, not a daily smoker), education (p12 y at school, 412 y at school), alcohol consumption (abstained, not drinking for the last 14 days, drinking for the last 14 days) and marital status (unmarried, married, separated/ divorced and widowed). Continuous variables were age (y), BMI (kg/m 2 ) and heart rate (beats per minute).
Statistical analyses
To compare groups, the independent-samples t-test or oneway ANOVA was used. w 2 was used for trend analyses. The association between BMI at HUNT 2 and LTPA at HUNT 1 was investigated using multiple linear regression with BMI at HUNT 2 as the dependent variable. By using BMI at HUNT 2 as the dependent variable and adjusting the effects of selected prediction variables for BMI at HUNT 1, the linear regression effects found were equal to change in BMI between HUNT 1 and HUNT 2.
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The selection of variables at HUNT 1 included in the linear regression model was carried out using change in estimates and P-values. For the active part of the population, separate linear regression analyses were performed to investigate the association between the frequency, intensity and duration components of the physical activity variable. Similar methods were used in the analysis of the association between LTPA (independent variable) and heart rate (dependent variable) at HUNT 1. Correlation association was investigated by using Pearson's correlation coefficient. Histogram and QQ plot were used to select parametric method. The analyses were checked for interactions. A P-valuep0.05 was accepted as statistically significant. All analyses were performed using SPSS, version 11.0 (SPSS, Chicago, IL, USA).
Ethics
The Norwegian Data Inspectorate approved both HUNT 1 and HUNT 2, and the Regional Ethical Committee for Medical Research recommended HUNT 2 (At HUNT 1, the Regional Ethical Committee was not yet established). ). The mean BMI increased in all age groups, all categories of LTPA, smoking, alcohol consumption, education and marital status ( Table 2 ). Low and high levels of LTPA were associated with a significantly higher BMI gain than a moderate level of LTPA, but no significant difference was found between low and high levels ( Table 2 ). In total, 50.2% of the participants gained at least 5 kg (1.57 kg/m 2 for a man with height 178 cm (the mean height for the study population)) during the 11 y of follow-up time, and only 2.2% lost 5 kg or more. According to the inclusion criteria, the study population had normal weight at baseline, that is BMI 18.5-24.9 kg/m 2 , while only 55% had normal weight at HUNT 2 (Table 3) A U-shaped association was found between BMI at HUNT 2 and low, moderate and high levels of LTPA at baseline; BMI change and LTPA WB Drøyvold et al participants with low and high levels of LTPA at baseline gained more weight compared to those with a moderate level of LTPA. There was no significant difference in BMI at HUNT 2 between low and high levels of LTPA (Table 5) . Adjusting only for smoking, age, BMI and education at HUNT 1 was sufficient to estimate the association between baseline LTPA and BMI 11-y later. The other predictors in Table 2 did not change the estimates. The explained variance (adjusted R 2 )
Results
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of BMI at HUNT 2 was 43.7 % when all the variables in Table 4 were included in the regression model. Age and different levels of LTPA (low, moderate and high) explained 2.3% of the observed variance of BMI at HUNT 2. There was no significant (Pp0.05) interaction between LTPA and age and change in BMI. By using the intensity, frequency and duration components directly in the regression model for the active population sample, only intensity, adjusted for BMI and age, was a significant predictor for BMI at HUNT 2 ( Table 6 ). The participants who reported high intensity gained 0.15 kg/ m 2 (95% CI: 0.04, 0.025) less than those who reported a low intensity of LTPA (equivalent to 0.48 kg at a body length of 178 cm).
LTPA and heart rate
The mean heart rate in the active population sample at baseline was 3.4 beats per min (95 % CI: 2.9, 4.0) lower than in the inactive sample in a multiple linear regression model adjusted for age, smoking and education (data not shown). LTPA at HUNT 1 stratified into low, moderate and high levels was associated with decreasing heart rate in the age group of 20-69 y in HUNT 1 with the age group stratified into 10-y 
BMI change and LTPA
WB Drøyvold et al intervals, but this was not found for the age 70 þ y. The association between LTPA and heart rate in HUNT 1 was still present applying multiple linear regression adjusting for smoking, age and education at HUNT 1 (R 2 ¼ 7.9%). The correlation coefficient (Pearson) between heart rate at HUNT 1 and heart rate at HUNT 2 was 0.52 (Po0.001).
Among the physically active cohort, low intensity of LTPA was significantly (Po0.001) associated to a higher heart rate at HUNT 1 compared to high intensity in a multiple linear regression model adjusted for duration, frequency, age, education and smoking (R 2 ¼ 9.1%). Intensity of LTPA (P ¼ 0.061) and heart rate at HUNT 1 (Po0.001) were important predictors (R 2 ¼ 26.9%) of heart rate at HUNT 2.
Physically active participants with high intensity of LTPA at HUNT 1 had a mean heart rate of 3.7 beats per min (95% CI: 2.8, 4.6) less than those with low intensity.
Discussion
Data from this study support the fact that LTPA in men in age group of 20-69 y has a moderate effect on BMI, as the physically active cohort gained less weight than the sedentary cohort. Among the physically active participants being, the intensity of the physical activity was an important predictor of lower weight gain. However, no inverse doseresponse effect was found between increasing levels of LTPA (low, moderate and high) and weight gain. The strength of the present study was the large population sample recruited from two total health surveys in one county with a high participation rate, allowing a prospective design with an 11-y follow-up period. Another strength was the standardised methods for measuring weight, height and heart rate in both health surveys.
The stratification of self-reported LTPA into low, moderate and high levels using a calculated summary was gender specific. The physical activity levels are thus specific for men according to the inclusion criteria in this study. The selfreporting of physical activity at baseline might of course be subject of misclassification. However, heart rate has been shown to correlate with cardiovascular fitness, 26 and the association between increasing levels of LTPA and decreasing heart rate suggests that reported LTPA reflects a true effect on the cardiovascular system, thus supporting the fact that the reported physical activity level had a fitness effect. Heart rate is a response factor indicating total physical fitness and it is not automatically a result of LTPA only. However, according to the questions about LTPA at HUNT 1 (described under Methods), heart rate is a useful biological factor to evaluate LTPA in a large study cohort.
The association between LTPA and change in BMI is shown to be inconsistent in prospective studies. 5 Some studies have described no relationship, 27, 28 and others support our findings of a U-shaped association. 29 A dose-response relationship is also shown between physical activity and change in body weight. 30, 31 . These studies [27] [28] [29] [30] [31] differ from the HUNT study in terms of follow-up time, number of participants, study period and methods of measuring physical activity, height and weight.
The importance of intensity of LTPA as a body weight effect has been previously demonstrated in cross-sectional studies 32, 33 and intervention studies, 34 but we have not found population-based and prospective studies investigating the relationship between intensity, frequency and duration of baseline LTPA. According to our data, it might be necessary to obtain a certain intensity of the activity. It is probably not sufficient only to spend a certain amount of energy without considering the intensity of exercise. It is shown in previous studies that involvement in vigorous physical activity markedly reduces the time needed to achieve higher levels of energy expenditure. 34 Men who are already physical active might then achieve even more weight reduction by increasing the intensity of the physical activity, even without changing the frequency or duration of the activity. In addition, an association between exercise intensity and reduced risk of coronary heart diseases 35 and premature death is reported. 36 Up to now, recommendations about physical activity at the population level are primarily based on inducing substantial improvements in cardiovascular healthFnot induction of body weight stability or body weight loss. 37 Higher levels of physical activity might be necessary to achieve weight regulation effects compared to cardiovascular improvements. 5 In the sedentary then, a small increase in physical activity level will induce positive health effects even if weight regulation effects are absent. The participation rate both in HUNT 1 and HUNT 2 was high, making the data more representative for the selected age and sex groups than most other studies. In HUNT 1, no participation selection by physical activity and BMI was identified in young age groups. 38 To estimate the effect of potential selection bias due to missing values of LTPA, we computed a dichotomy variable (1: missing value in the physical activity variable; 0: no missing value in the physical activity variable). There was no significant effect of intro- During the 11-y follow-up period, the participants might, of course, have changed their physical activity habits. This might cause regression to the mean effect. The significant association between heart rate at HUNT 1 and HUNT 2 supports, however, the assumption that the reported LTPA at HUNT 1 was positively associated with the physical activity level even at HUNT 2.
BMI per se does not distinguish between muscles and fat. Physical exercise resulting in bigger muscles might have led to an underestimation of physical activity as a weight regulation factor, since muscles have a higher weight density than fat. The Pearson correlation coefficient between BMI at HUNT 2 and waist circumference at HUNT 2 was 0.673 (Po0.01). Using multiple linear regression, higher levels of LTPA, being physically active and being physically active with high intensity were associated to lower waist circumference at HUNT 2, when adjusting for age and change in BMI (data not shown). We did not have measures for waist circumference at HUNT 1, and were thus not able to adjust for waist circumference at HUNT 1. The effects of LTPA would probably be higher if body proportion effects could be included.
The lowest mortality risk is shown to be associated with a BMI between 18.5 and 25 kg/m. 3 The increased mortality rate with increased relative body weight is steeper for men under age 50 y, and this increased risk in younger people is linked to the duration of overweight. [39] [40] [41] In our study, after 11-y, nearly 50% of the total population was overweight or obese, indicating a poor long-term health outcome. 1,2 Overweight was most prevalent in the youngest age groups, who probably must 'carry' their body weight for many years. This should raise major concerns among politicians, public health workers and health personnel. Moreover, it is shown that weight goals in men are rarely consistent with current health recommendations. 42 Many men do not recognise their own overweight, 11 and thus their motivation for weight control might be low.
Public health impact
Even if the mean BMI effect was moderate, this effect might have a significant impact at a population level. If the sedentary cohort had been physically active with high intensity, they would have had a mean weight effect of 0.27 kg/m 2 (0.86 kg at body height 178 cm). Rose has found a 4.7% increase in the obesity prevalence for every single unit increase in the population's average above 23 kg/m 2 .
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One major concern is the risk of developing a vicious circle, in which physical activity level decreases as a consequence of higher prevalence of overweight and obesity. 44 This study indicates that there is a large potential for increasing physical activity in the population. It has previously been demonstrated that physical fitness has more impact on mortality than body weight. 45, 46 The health effects of physical activity, therefore, might be stronger if both the BMI effects and fitness effects are combined.
Conclusion
This study has demonstrated a modest BMI effect of LTPA in apparently healthy men aged 20-69 y with normal weight at baseline, but no inverse dose-response effect was found. Among the active part of our population, the intensity of LTPA was an important predictor of change in BMI. However, even a high level of LTPA did not prevent BMI increase during the follow-up.
